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The measurement of Higgs pair production will be one of the cornerstones of the LHC physics program in the coming years, with the upcoming high-energy and high-luminosity phase. Di-Higgs production is directly sensitive to the Higgs trilinear coupling, and then it provides information on the scalar potential responsible for electroweak symmetry breaking [1] . In addition, it is sensitive to the underlying strength of the Higgs interactions at high energies and it can test the composite nature of the Higgs boson [2, 3, 4] . In the Standard Model (SM), the dominant mechanism for the production of two Higgs bosons at the LHC is gluon fusion [1, 5, 6, 7, 8] , with a cross section of approximately 40 fb [9, 10, 11, 12, 13, 14] computed at next-to-next-to leading order at a center-of-mass energy of √ s = 14 TeV. The second production mechanism is the Vector Boson Fusion (VBF), with a cross section of about 1 fb at √ s = 14 TeV, computed at next-to-next-to leading order [5, 8, 15, 16, 17, 18, 19, 20] . The coupling of new physics and of Higgs to gauge bosons can be probed by looking at VBF production, and, in addition, VBF topology allows a reduction of the background contamination maintaining high signal efficiency. A schematic view of a VBF di-Higgs event is shown in Figure 1 . Higgs pair production can be substantially enhanced in various BSM scenarios, mainly through two mechanisms:
• production of an on-shell resonance decaying into two Higgs bosons
• new physics at higher scales, that is observable indirectly through modification of the Higgs couplings
In the following, two separate studies at parton level concerning the two approaches for new physics searches are described. Final states with the largest branching fractions are considered: hh → 4b and hh → 2b2W . The results are based on [21] . 
extra dimensions where a KK-graviton (G) (see [22] and references within) can be produced onshell through vector boson fusion and subsequently decays into a pair of Higgs bosons is used as benchmark. Although the KK-graviton production cross-section in VBF is about 1/10 of gluon fusion production, given the high branching ratio of the KK-graviton into two Higgs bosons (∼25% for masses greater than 500 GeV) and given the efficient background rejection thanks to VBF topology selections, a high signal yield is expected with a reasonable background contamination. The analysis is performed at parton level. Only h → bb decay processes are considered, exploiting the high h→bb branching ratio. Acceptance cuts on the jets are defined requiring jet p T > 30 GeV and |η| < 4.7. In addition, the VBF topology is enhanced by means of a selection on the invariant mass of the di-jet system (m j j > 400 GeV). No cut on the pseudorapidity separation between the VBF jets ∆η j j is applied, due to p T -dependence of the KK-graviton vertices with vector bosons [23] . In order to exploit the boosted topology from h → bb decays the transverse momentum of the diHiggs system is required to have p hh T > 60 GeV and the pseudorapidity separation between the two Higgs bosons to be ∆η hh < 2. The higher the G mass the higher is the probability for the two Higgs bosons to be boosted and the two b-jets to be merged: a uniform analysis efficiency combining different categories is recovered [24] , as shown in Figure 2 . Perfect b-tag efficiency is considered within experimental acceptance volume. No selections concerning the h → bb and G → hh → bbbb invariant masses are applied, and are left to be addressed in a dedicated study with showering and reconstruction effects, that is currently ongoing, also considering different additional final states. A simple cut based analysis is performed and with the high-luminosity LHC data, 3 ab −1 at 13 TeV, high signal yields are expected (from tens to hundreds of events depending on the G mass range).
Although the current selection efficiencies for the background are less than 5%, a still important background contamination is present, but it can be further reduced by means of selections based on the invariant mass of the di-b system m bb and the 4 b-jets final state m 4b .
2. Non-resonant VBF di-Higgs search at parton level (Work in collaboration with Olivier Bondu, Roberto Contino, Maxime Gouzevitch, Juan Rojo)
An indirect search for new physiscs has been performed according to an effective lagrangian approach up to dimension 6 operators [4] . Three coupling parameters have been modified:
• h to VV vertex, c V g SM hVV , that will be partially constrained through single Higgs searches;
• hh to VV vertex, c 2V g SM hhVV , that is only measurable in a VBF hh process;
• h to hh vertex, c 3 g SM hhh , that is accessible also via gluon fusion production of two Higgs bosons.
Two different di-Higgs decay final states are considered: hh → 4b and hh → 2b + WW (2 2ν). Jets and leptons are considered only within detector acceptances: light and b jets are required to have p T > 25 GeV and light (b) jet |η| < 4.5 (2.5), while leptons |η| < 2.5. In order to select the VBF topology, the invariant mass of the di-jet system is required to have m j j > 500 GeV and a high separation between the two jets ∆R j j > 4.0 is demanded. This first feasibility study is performed at parton level. For the 4b + 2j final state the main QCD backgrounds are QCD 4b + 2j and Z(bb) + 2b + 2j production. Tighter VBF cuts are applied in order to suppress QCD background, namely m j j > 800 GeV. For the 2b + WW (2 2ν) final state the main background is WW + 2b + 2j SM production, that is mainly dominated by tt + 2j events. In order to reject this background, the h → WW kinematics has been exploited: the invariant mass of the di-lepton system is required to have m ll < 70 GeV, and the transverse mass of the di-W system, defined in the following equation 2.1, to have m T < 125 GeV.
In addition, in both analyses, the invariant mass of the di-b system is required to be around the Higgs boson one: m bb = 125 GeV ± 15% for both bb pairs. The expected event numbers for SM di-Higgs VBF production are very small, but for (c V − c 2V ) =0 the VV → hh cross section (V=W/Z) grows with the partonic energy, thus leading to an enhancement up to a factor one hundred with respect to SM expectations in the high-energy regime, as shown in Figure 3 . In the 4b+2j final state, in order to access the high-energy regime, the invariant mass 4b jets is required to be m 4b > 1000 GeV, while for the 2b + WW (2 2ν) final state the invariant mass of the 2b jets + 2 leptons is demanded to be m llbb > 500 GeV and the transverse momentum of the di-b system to have p bb T > 200 GeV.
Higgs Pair Production via Vector Boson Fusion at the LHC Andrea MASSIRONI Figure 3 : Ratio of the differential cross sections with respect to the 4b invariant mass between the case with modified couplings and the one with SM couplings, as a function of the 4b invariant mass. An enhancement by up to a factor one hundred with respect to SM expectations is present in the high-energy regime for modifications of the c V and c 2V couplings, while no effect in the high-energy regime is present for c 3 , as expected, since its contribution is more visible in the threshold regime (2 m h ).
After all the selections have been applied, the signal efficiency is quite high (∼25%) for the non-SM VBF hh signal, leading to a signal over background ratio bigger than one for BSM scenarios. Nonetheless, the high-luminosity LHC (HL-LHC) is needed, L = 3 ab −1 , given the low cross section of this process.
Conclusions
Vector Boson Fusion di-Higgs production will be a probe for new physics, whose access can be either direct, looking for resonances decaying into two Higgs bosons, or indirect, looking at deviations from SM predictions of couplings involving the Higgs boson. The results reported for the HL-LHC show good signal efficiency and yield for heavy resonances in the mass range between 250 GeV and 1 TeV. At the HL-LHC the sensitivity prospects to the hhVV (c 2V ) vertex seem promising, given the high signal over background ratio and the high signal efficiency for the non-SM VBF hh process.
